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ZCT 533/4 - Dosimetri dan perlindungan Sinaran
Masa : 3 jam
Sila pastikan bahawa kertas peperiksaan ini mengandungi EMPAT BELAS muka suratyang bercetak sebelum anda memulakan peperiksaan ini.
Jawab kesemua LIMA soalan. Pelajar dibenarkan menjawab semua soalan dalam Bahasa
Inggeris ATAU Bahasa Malaysia ATAU kombinasi kedla-duanva.
l' (a) Perihalkan kuantiti-kuantiti yang digunakan untuk mencirikan suatu medan
sinaran.
(20 markah)
(b) Suatu alur sinar y melalui sekeping plumbum berketebalan 2 cm. Alur tuju
itu mengandungi 30o/o foton 0.4 M;V dan7T%ofoton 1.5 MeV. Ketumpatan
plumbum ialah 11.3 g cm-3.
(i) Hitung purata (rn)- yang akan dicerap oleh suatu pembilang
foton.
(ii) Hitung purata Fn). yang akan direkodkan oleh suatu meter
fluens tenaga.













Udara kering berisipadu I cm3 pada srP menerima foton dengan fluens l0s
foton m-'. Tenaga foton ialah 0.662 MeV.
(i) Hitung bilangan pasangan ion yang dihasilkan.(ii) Tentukan dedahan dan dos terserap dalam isipadu udaratersebut.
(50 markah)
Jelaskan makna kerma dan dedahan. Terbitkan suatu perhubungan arftara
dedahan dan kerma pelanggaran.
(40 markah)
Pertimbangkan suatu foton bertenaga 0.662 MeV memasuki suatu isipadu
sensitif Z. Suatu interaksi Compton tunggal berlaku dalam z dan suatu
foton terserak 0.2 MeV dan juga suatu foton bremsstrahlung 0.1 MeV
meninggalkan v. Elektron yang terhasil dalam tr/ menggunakan setengah
tenaga kinetiknya sebelum terlepas dari V.
(i) Lakarkan suatu gambarajah untuk menunjukkan tindakbalas-
tindakbalas yang berlaku dalamV.
(ii) Tentukan kerma dan dos terserap dalam V, anggap V: l}-s m3 dan




Jika bahantara dinding w suatu dosimeter tidak serasi dengan bahantara
rongga g, yang manakah di antara dua bahantara tersebut yang harus
diserasikan dengan bahantara x yang di dalamnya pengukuran dos akan
dilakukan' Jelaskan' 
(40 markah)
Bincangkan sebab-sebab utama penerbitan semula perhubungan rongga
Bragg-Gray oleh spencer. spencer kemudiannya telah mengutarakan teori
rongganya sendiri. Nyatakan perbezaan-perbezaan utama antara kedua-dua
teori tersebut.
(40 markah)
Bincangkan sebarang empat ciri umum suatu dosimeter yang mesti









(b) Bincangkan mekanisme asas pendarkilau haba yang berlaku dalam suatu
dosimeter pendarkilau haba, sertakan rajah-rajah jika perlu.
(30 markah)
(c) Bacaan relatif dosimeter per unit dedahan tipikal bagi suatu dosimeter
pendarkilau haba LiF terhadap tenaga foton purata ,E aituniut<kan dalam







Dengan menggunakan jadual yang disertakan, bincangkan bagaimana
respons relatif dosimeter dan20 keV hingga 1000 keV dianggarkan.
(30 markah)
Perihalkan radiolisis air apabila suatu alur sinaran berinteraksi dengan
bahan biologi.
(30 markah)
Perihalkan tindakan langsung dan tindakan tak langsung sinaran dalam
bahan biologi.
(30 markah)
Berikan sebab-sebab mengapa suatu sawar perlindungan perlu diletakkan di
antarapesakit dan jururadiograf ketika mengambil radiograf atau
memberikan radioterapi. Nyatakan tiga jenis bahan yang lazim digunakan



















. Elcctron rcst mass =
Proton rcs( mars =
. 
Ncutron rcst mass =
' I elcctron volt (cV) =
=
I joule Q) :
I coulomb (C) =
I gray (Gy) =
I sicvcrt (Sv) =
Encrgy- rt'avclcn gth convcr:ion :






I.6022 X tO-r: crg
I0' crg
2.9979 X lOe csu
I Jtg = I0: rad = t0{ crg/gI Jfts
a-xPosurc convcrslon:
1.23985 X 10-6 cV m
1'.1.3985 kcv A
I rocntgcn (R) = 2.SA x l0-' C&g
I CAg = 3876 R
TABLEA.sb.lt'ATER 7 = 7.51
p - 1000.k&/m!
i.313 r lD:6 clcct./tg
TABtI A.3r.AlR
; = 1.205 kg/ms (rr NTp)
9.006 x l0?5 clccc/Lg
TA8L.EA-3d-BO.\-E Z- t2.Jl
p = 1650 lg,/ml
3.19? r l0l6 clcct./Lg
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'Data from Bergcr and Selrzcr (1983)
rscc composicions in Appcndix 8.3

































































































































































































































































































































































































































































































































































































































































































2003 12004 Academic Session
September - October 2003
ZCT 53314 - Dosimetry and Radiation Protection
Time : 3 hours
Please check that the examination paper consists of FOURTEEN printed pages before
you commence this examination.
Answer all FIVE questions. Students are allowed to answer all questions in English OR
Bahasa Malaysia OR combinations of both.
1. (a) Describe the quantities used to characterise a radiation field.
(20 marks)
(b) A narrow y-ray beam passes through a2 cm thick lead. The incident beam
consists of 30o/o 0.4 MeV photons and 70Yo 1.5 MeV photons. The density
of lead is I 1.3 g cm-3.
/-\(D Calculate the averag" (p/pj. which will be observed by a photon
counter.
(iD calculate the average (nDL which will be recorded by an energy
fluence meter.












.air I cm3 at STp received a fluence of photons rOsphotons m-'. The photon energy is 0.662 MeV.
(i) Calculate the number of ion pairs produced.(iD Determine the exposure and ihe absorbed dose in the air volume.
(50 marks)
Explain the meaning of kerma and exposure. Derive a relationship between
exposure and collision kerma.
(40 marks)
consider a photon of 0.662 MeV entering a sensitive volume z. A single
compton interaction occurs in v anda 0.2 Mev scattered photon as well as
a 0.1 Mev bremsstrahtung photon reaves v. The electron generated.in v
spends half of its kinetic energy before escaping from V.
(i) sketch a diagram to show the reactions taking prace in v.
(b)





Explain the Fano theorem.
(20 marks)
If the medium of the wall w of a dosimeter does not match the medium of
fhe gavity g, which of the two medium should be matched to the medium xin which the dose measurement is to be ca:ried out. Explain.
(40 marks)
Discuss the main reasons for the rederivation of Bragg-Gray cavity relationby Spencer. Spencer went on to promote his own i-p"n"", cavity theory.
State the main differences between the two theories.
(40 marks)
Describe any four general characteristics of a dosimeter which must be







(b) Discuss the basic mechanisms of thermoluminescence occuring in a
thermoluminescent dosimeter, provide diagrams where necessary.
(30 marks)
(c) The typical relative dosimeter reading per unit exposure for a LiF
thermoluminescent dosimeter with respect to the mean photon energy E is







Using the appropriate table enclosed, discuss how the relative response of
the dosimeter from 20 keV up to 1000 keV was estimated .
(30 marks)
Describe the radiolysis of water when a radiation beam interacts with a
biological material.
(30 marks)
Describe the direct action and the indirect action of radiation in a biological
material.
(30 marks)
Give reasons why it is desirable to have a protective banier between the
patient and the radiographer when taking radiographs or giving
radiotherapy. state three materials commonly used for such a banier and









I kg = 5'6095 x lO:'l'tcv
t arnu = 93I.50 McV
. Elccrron rcsr mass : 0.5t 100 McV
Proron rcst mass = 938.26 McV
. 
Ncurron rcst mass = 939.55 McV
' t clcclron volt (cV) : 1.6022 X l0-reJ
= I.6022 X l0-r2 erg
I joulc (J) = l0? crg
I coulornb (C) : 2.992g X tOe csu
I gray (Cy) = I J+S : t02 rad = l'0.{ crg/gI sicvcn (Sv) = I JAg
En crgy- y731'.lcn gth con vcrsion :
1.23985 x 10-5 cV m
l?.3985 tccv A
Exposurc convcnsion:
I rocntgcn (R) = 2.SA x l0-{ C/kg








TASLE A.sb . II"{TER
p - !000. k&/mt
Z=7.51
3.3{3 x l0:6 clrct./kg
TABI: .{.3r . NR





p = 1650 Lg,/m,
S.192 r l0r6 clcct./L3
526
TABLE A.Sc .IiUSCLE
I ' lO{0 kgfmt
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'Data from Bcrger and Scltzer (1983)
'Scc compositions in Appcndix 8.3
'Assrrming I = 20oC., P = I atm., and Charlcs' Law for gases applics
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